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Abstract
A new silicone-based Electrically Conductive Adhesive (ECA) has been developed for the Metal Wrap-Through 
module technology.  The ECA has a Ag filler content below 60% but maintains a conductivity after curing below 1
mOhmcm.  It is flexible over a wide range of temperatures, which enables stress-relief and is beneficial for durability.  
Four-cells mini-modules have been made using the newly developed silicone ECA and show excellent performance
and durability. The mini-modules did not degrade after 1000 hours in damp heat conditions, nor after 200 thermal
cycles.
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1. Introduction
The main hurdle towards large scale implementation of Metal Wrap Through (MWT) modules has
been the lack of a module assembly technology that leads to high mechanical yield and has low cost. 
Nevertheless, great progress has been achieved over the last few years.  A module assembly technology
involving conductive back-sheet and pick-and place has been demonstrated and has led to modules that
pass IEC61215 durability requirements [1].  Recently important other steps have been taken towards large
scale implementation of this solution.  Industry-scale production equipment has been developed and is
now being commercialized [2] ; a first production line has been installed at the facilities of a module
manufacturer and has started production [3] ; and finally, several Conductive Back-Sheets (CBS)
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manufacturers are coming up with cost-competitive solutions and seem likely to be able to meet the 
 
The emergence of the MWT module technology has led to a need in the market for a low cost, low 
temperature, high durability interconnection technology.  Electrically conductive adhesives (ECA) appear 
a promising alternative to soldering and offer the possibility of creating the interconnection bond during 
module lamination, thereby simplifying the module assembly process.  ECAs consist of a polymer mixed 
with a large amount of metallic filler.  The ECA is supplied as a paste and is applied onto the components 
that need interconnecting through dispensing or stencil printing.  The polymer cures upon annealing, so 
that the ECA becomes a solid after curing. Thanks to the metal filler particles, percolations paths are 
present in the cured material, delivering conductivity [4].  The composition of the ECA paste, in 
particular the polymer binder and the nature and size of the metallic filler determine the properties of the 
cured material, in particular adhesion, mechanical parameters, conductivity and contact resistance.     
Most commercially available ECAs make use of a C-based polymer for the binder, typically epoxy or 
acrylate polymers.  In this paper, we present electrically conductive adhesives based on a silicone 
polymer.  Silicone materials (or organosiloxanes) are high value polymers that feature a Si-O-Si-O chain 
instead of a C-chain.   The larger bond energy of Si-O bonds (~110 kcal/mol vs. ~80 kcal/mol for the C-C 
bond) confers silicones a superior stability and durability against ultraviolet light and high temperatures.  
As a result, silicone materials have been used in many applications where excellent durability and 
performance in harsh conditions are required.  
Silicone-based ECAs have been used in electronic applications for a long time. They typically show a 
very high concentration of Ag filler, above 70 w% and often even above 80 w%.  Although these 
materials, originally developed for electronic applications, potentially also have adequate properties for 
photovoltaic applications, they are not likely to meet the aggressive cost targets that are common in the 
PV industry.  The challenge for PV-specific ECA development is therefore to decrease the Ag content 
while keeping resistivity and contact resistance low.  Additionally, specifically for the MWT module 
application, the product has to have the right printing properties for stencil printing and the cure profile 
has to match the lamination cycle.   
Taking these requirements into account and combining the possibilities of the silicone chemistry 
toolbox with a careful selection of the metal filler, we have developed a first silicone ECA material 
specifically designed for MWT modules.  This material is a one-part printable paste with a Ag 
concentration lower than 60 %.  The ECA is basically a pre-mixed mixture of different silicone 
components and Ag filler, stored at low temperature (- 20 °C) to avoid premature curing.  The cure 
chemistry of the material is designed to occur during a typical module lamination cycle at 150 °C for 
several minutes.  After curing, it has a resistivity lower than 1 mOhm cm even though it is flexible, with a 
shear storage modulus 5 ×107 Pa.   
This paper focuses on the use of this newly developed ECA in the fabrication of MWT modules and on 
their durability.  
2. Experimental 
Four cells mini-modules were made using a CBS, silicone ECA and MWT cells.  The CBS with a 
patterned Cu foil was of an 
for Printed Circuit Boards as well as a Ag-plated finish in the contact area.   
Small dots (less than 2 mm in diameter) of silicone ECA were applied by stencil printing onto the foil, 
in the contact pad areas.  A perforated sheet of Ethyl Vinyl Acetate encapsulant (EVA) was placed over 
the CBS, leaving the ECA dots exposed.  MWT cells with 31 contact pads were placed one by one on the 
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foil.  Then, a second sheet of EVA and a cover glass was placed on top, the whole sandwich was flipped 
upside down and introduced in the laminator, where vacuum was pulled and the temperature increased to 
150 °C.  
 
a)                             b) 
 
Fig. 1. (a) Schematic representation of the assembly of an MWT module ; (b) schematic cross-section of an MWT module prior to 
lamination.  The ECA dots connect the foil with the MWT cells 
 
After lamination, the mini-modules were first measured under illumination, and then subjected to 
accelerated tests such has 1000 h at 85 °C and 85 % relative humidity, and thermal cycling between - 
40°C and 85 °C.  After half of the cycles prescribed by the IEC standards, and after a completion of the 
accelerated ageing tests, the IV characteristics under standard illumination were measured again.   
3. Results and discussion 
The relative changes in efficiency following accelerated ageing are shown in Fig. 2.   
 
a)         b) 
Fig. 2. a) Relative efficiency of  4 cell modules after DH(85/85) test ; b) Relative efficiency of 4 cell modules after a TC (-
40/+85ºC) test 
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It is clear that the mini-modules performed very well under accelerated ageing, with no degradation at 
all, neither after 1000 h of damp heat nor after 200 thermal cycles. Some mini-modules were investigated 
by electroluminescence.  Fig. 3 shows a mini-module that underwent damp heat ageing, and Fig. 4 
another one that was subjected to thermal cycling. 
 
a)                       b) 
 
   
 
Fig. 3. Electroluminescence picture of a MWT mini-module using silicone ECA before (a) and after (b) 1000 hours at 85 °C at 85 % 
relative humidity  
 
 
a)                         b) 
 
   
 
Fig. 4. Electroluminescence picture of a MWT mini-module using silicone, a) ECA before and b) after 200 thermal cycles between -
40 ºC   and +85ºC   
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These electroluminescence pictures reveal no significant difference before and after ageing, consistent 
with the illuminated IV measurements.  We attribute the excellent stability in damp heat conditions to the 
very durable bill of materials used in these experiments including the silicone ECA.  The contact between 
the Ag finish of the foil and the Ag flakes in the ECA is likely to provide a very stable ohmic contact that 
is not affected by oxidation.  Moreover the curing system used in the ECA produces no reaction 
byproduct that could participate in corrosion reactions.    
The absence of degradation upon thermal cycling indicates that the differential contraction and 
expansion due to mismatch between the CBS and the cells have not led to any loss of quality of the 
interconnection joints.  A probable explanation is that the silicone ECA is flexible and therefore 
accommodates temperature-induced relative movement of the cells while keeping good adhesion and 
conductivity.  Specific to silicone ECAs is that this flexibility can be maintained over the whole range of 
operating temperatures.  This is in contrast with most organic ECAs which are typically very stiff at low 
temperatures.  Organic ECAs can be tuned so that their glass transition temperature is lowered and they 
display fairly low modulus in a large part of the operating temperature range, but they do remain stiff 
below the glass transition point.  This is illustrated in Fig. 5, w
as a function of temperature as obtained from Dynamic Mechanical Analysis measurements for three 
cured ECAs, two organic ECAs and the silicone ECA studied in this work.  Organic ECA A is very stiff 
throughout the operating temperature range.  Organic ECA B has a glass transition around 20  30 °C  
and as a result shows a strongly varying modulus, being fairly flexible beyond the glass transition and 
rather stiff below.  The third curve is that of the silicone ECA developed in this study, showing a low 
modulus in the whole relevant temperature range.  This is thanks to the very low glass transition of 
silicones, which ensure that the material stays in a rubbery state over the whole operating temperature 




Fig. 5. Dynamic Mechanical Analysis of three cured ECAs.  Organic ECA A is very stiff throughout the operating temperature 
range.  Organic ECA B has a strongly varying modulus depending  on the temperature.  The silicone ECA shows a low modulus in 
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While the mini-module results using the developed silicone ECA reported here are very promising, 
they are in fact just one of the milestones in the development of the right bill of materials for MWT 
modules.  As a result of strong cost pressure, the industry has recently started to favor CBS that do not 
have the Ag finish on the foils.  The patterned Cu foil is typically supplied with a thin organic layer called 
Organic Solderability Preservative (OSP), which is a much lower cost option than Ag plating.  However, 
OSP foils pose new challenges in terms of adhesion and durability, and compatibility of ECA needs to be 
checked with each type of OSP-covered foils.  We have developed new generations of ECAs with 
modified formulations to ensure good adhesion while maintaining the excellent durability observed in this 
study.  The results with these new silicone ECAs will be the topic of subsequent publications. 
4. Conclusion 
A silicone-based Electrically Conductive Adhesive has been developed for the MWT module 
technology. The material containes less Ag than typical silicone-based Electrically Conductive Adhesives 
(less than 60 w%) yet provides adequate conductivity and contact resistance on Ag-finished Cu foils.  
Importantly, the silicone ECA is flexible under the whole operating temperature range, with a shear 
storage modulus below 5 × 107 Pa.  Mini-modules were made using Conductive Backsheets with Ag-
finish in the contact areas.  They showed excellent stability in accelerated ageing tests. No degradation 
was observed after 1000 hours in damp heat conditions and 200 thermal cycles.  
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